obJect The purpose of this prospective cohort study was to identify risk factors for incidental durotomies in lumbar spine surgery. The authors hypothesized that the incidence of durotomy would be higher in cases involving multiple operations. MethodS The authors prospectively evaluated 523 patients who underwent lumbar and thoracolumbar spine surgery. They compared data on patients in whom a dural tear occurred and those in whom a dural tear did not occur. Data from patients in whom a dural tear occurred were compared with data from patients who did not experience durotomy. The data included basic demographic information, intraoperative data, and clinical information from a medical record review. reSultS One hundred thirty-one patients underwent discectomy and 392 patients underwent laminectomy. Among the 131 patients who underwent discectomy 6 patients had a dural tear. Among the 392 patients who underwent discectomy 49 patients had dural tear. Patients with incidental durotomy were older (mean 65 ± 13 vs 60 ± 14 years of age; p = 0.044, t-test), and had longer surgery (146 ± 59 vs 110 ± 54 minutes; p = 0.025, t-test), compared with the patients without dural tear. The incidence of dural tear was more common in patients with a history of previous spine surgery (p < 0.001). coNcluSioNS In patients who underwent lumbar and thoracolumbar spine surgery for degenerative problems, previous surgery and older age were found to be predisposing factors for dural tear. 
I
ncIdental tear of the dura and subsequent CSF leak is a common complication of lumbar spine surgery. Previous studies have found various factors affecting the incidence of incidental durotomy during lumbar spine surgery. Sin et al., in a prospective study, found that the incidence of durotomy was 16%. 9 Their study of 76 patients found that patient age was a risk factor for incidental durotomy. However, a history of prior lumbar surgery and level of the surgeon's training did not affect the incidence of durotomy. 9 Additional studies showed a higher percentage of lumbar dural tears in revision spine surgeries, ranging from 2.1% to 15.9%, 2, 4, 6, 10 with a significant association between unintended durotomy and development of a new neurological deficit. 12 However, these works were not a prospective comparison between 2 groups of patients, but were either retrospective or registry data. 1 The purpose of the current study was to prospectively evaluate risk factors for incidental durotomies in lumbar spine surgery. We hypothesized that the incidence of a dural tear would be higher in cases involving repeated operations.
Methods
An institutional review board-approved protocol was developed at our institution (William Beaumont Hospital) to prospectively compare data from patients in whom a dural tear occurred and those in whom dural tear did not occur during posterior lumbar and thoracolumbar spine surgery.
All patients who underwent spine surgery for degenerative conditions performed at our institution between January 2011 and June 2011 were included in the study. We excluded from this study patients treated for tumors, trauma, infections, deformity, and high-grade spondylolisthesis.
Basic demographic information, including age, sex, body mass index (BMI), and history of prior spine surgery, were compared between patients who had intraoperative dural tears and patients who did not have a dural tear. We also recorded the length of surgery (minutes), estimated blood loss during surgery (ml), and amount of drainage (ml) and compared the data between the 2 groups. In all cases in which an incidental durotomy had occurred, one of the surgeons filled out a questionnaire that included data regarding the tear. The data that were obtained included the following: when the tear occurred during the procedure (exposure, decompression, or instrumentation), what instrument was in use when the tear happened, whether an attending or resident/fellow caused the tear, and the presence/absence of a patient-reported headache on postoperative Day 1.
For each case, the exact location of the dural tear was documented. The Wiltse system for reporting the size and location of lesions in the spine was implemented. 13 On the sagittal plane we defined superior, middle, and inferior locations for the vertebral segment. The superior area was equivalent to the suprapedicle and the pedicle level according to Wiltse system, while the middle area was equivalent to the infrapedicle level, and the inferior area was equivalent to the disc level according to the Wiltse system. In the coronal plane we defined medial and lateral zones. The medial zone was equivalent to the central canal zone, and the lateral zone was equivalent to the subarticular and foraminal zones according to Wiltse system. Statistical analyses were performed using SigmaPlot software (version 11, Systat Inc.). T-tests were used to compare operative times, estimated blood loss, and drain output, with statistical significance defined as p < 0.05. Chi-square and Pearson product-moment tests were used when determining correlation between dural tears and intraoperative risk factors. Statistical significance was defined as p < 0.05 for these correlation tests.
results
A total of 523 patients participated in our study; 131 patients underwent discectomy for relief of radicular pain secondary to a disc herniation and 392 patients underwent laminectomy for relief of neurogenic claudication symptoms due to spinal stenosis. Among the 131 patients who underwent discectomy, 6 patients had a dural tear (4.6%). The mean operative time among patients who underwent discectomy (80 ± 20 minutes) and had dural tear was longer compared with the surgery time in patients who underwent discectomy and did not have dural tear (45 ± 15 minutes; p = 0.002). With respect to age, sex, estimated blood loss, BMI, and type of anesthesia (general vs spinal), there were no statistically significant differences between the 2 groups.
Among the 392 patients who underwent laminectomy, 49 patients had a dural tear (12.8%). Patients with an incidental durotomy were older (65 ± 13 vs 60 ± 14 years of age; p = 0.044) ( Table 1) , had longer surgery (146 ± 59 vs 110 ± 54 minutes; p = 0.025), and had more drainage after surgery (771 ± 380 vs 528 ± 303 ml; p = 0.011) compared with patients without a dural tear. The incidence of dural tear was significantly more frequent in patients with a history of previous spine surgery (no history of prior spine surgery: 20 [7.2%] of 276 patients; history of prior spine surgery: 29 [25%] of 116 patients with history of spine surgery; p < 0.001) ( Tables 1 and 2 ). Twelve (24.5%) of the 49 tears were caused by residents or fellows, with the remaining 37 caused by the attending surgeon (p < 0.001). There was no significant difference between the different attending physicians with regard to the frequency of incidental durotomy (p > 0.05) ( Table 1) . Most of the tears happened during the decompression (46 [94%] of 49), while 2 tears (4.1%) occurred during exposure and 1 tear (2.0%) developed while implanting the cage for transforaminal lumbar interbody fusion. Most tears (31 [63%] of 49) were caused by the Kerrison rongeur. There was no difference in the incidence of durotomy between patients who underwent decompression alone and patients who underwent decompression and instrumented fusion (p = 0.523; Tables 1, 3 , and 4). For all tears, closure was attempted, and in most cases supplemental fibrin sealant was placed on the repair. Only 21 (43%) of 49 patients with incidental durotomy reported having a headache the day after surgery.
discussion
In this prospective study, we reviewed data for patients who underwent lumbar or thoracolumbar discectomy or laminectomy with or without instrumented fusion. Previ- ous studies showed significant differences in the incidence of dural tears, usually with a lower incidence in retrospective studies. 2, 9 Wang et al., in a review of 641 consecutive patients who had undergone lumbar surgery, found a 14% incidence of dural tears. 11 Sin et al., 9 in the only prospective study on this topic, found a 15.8% incidence of a dural tear in a series of 76 patients who underwent surgery for degenerative disorders of the spine. This incidence is similar to that observed in our study (4.6% for discectomies and 12.8% for laminectomies).
Sin et al. 9 prospectively studied 76 patients to determine risk factors for dural tears in a cohort of patients with degenerative spinal conditions. Two factors were statistically significant: experience of the surgeon (more tears were caused by a resident in training) and patient age (p = 0.044 and p = 0.02, respectively). However, the data that were obtained in their study did not support the argument that it is more common to cause a tear in revision surgery than in primary spine surgery. As in that study, our study shows a higher incidence of dural tears in older patients. This is probably due to degenerative changes occurring throughout the aging process, such as narrowing of the spinal canal and thickening of the ligamentum flavum. Additionally, the dura is often observed to be thinner in the elderly and in those patients with significant compression. While Sin et al. 9 reported that residents in training caused more tears, our study demonstrated that 37 of the 49 dural tears were caused by the attending surgeon. We do not support the notion that more experienced surgeons tear the dura more frequently, but in some parts of the surgery one can predict difficulty in performing a decompression due to adhesions or dense scar tissue above the dura. These parts of the surgery are more likely to be performed by the attending surgeon, rather than the resident or fellow.
Unlike Sin et al., 9 and similar to many other previous studies, 3, 5, 8 we found that revision surgery is a risk factor for dural tear. This is most probably due to the loss of anatomical landmarks and the postoperative adhesions, which are common in revision cases. Based on our data we strongly recommend for the surgeon to be aware of the higher incidence for durotomy while conducting revision surgery and to be more cautious around the area covered with dense scar tissue.
Our study did not demonstrate a difference in the incidence of dural tear between patients who underwent decompression alone and patients who had decompression and instrumented fusion. However, as previously shown, 3, 5 patients who underwent discectomy had a significantly lower incidence of dural tear than patients who underwent laminectomy. Of the 131 patients who underwent discectomy, only 6 patients had a dural tear. This low number does not allow us to draw any conclusions, but it is worth mentioning that one of the patients with a dural tear had a conjoined nerve root. Lotan et al. 7 demonstrated that the incidence of a conjoined nerve root is 5.8% for all microdiscectomies performed. We did not encounter such a high incidence, but we believe that suspecting a conjoined nerve root preoperatively is beneficial for avoiding the risk of intraoperative dural tear.
We were not able to demonstrate a specific spinal location in which dural tears tend to happen more frequently. Although we prospectively evaluated a large number of patients, there was no region of the spine that was significantly more represented in terms of the number of dural tears. This may be due to the fact that dural tears happened for different reasons and many tears are due to adhesions and scarring that can appear in different regions across the dural sac.
conclusions
The incidence of dural tear was higher in patients who underwent laminectomy than in those who underwent microdiscectomy. Previous surgery and older age were found to be predisposing factors for dural tear. We recommend that spine surgeons be aware of these risk factors for incidental durotomy while operating. 
